To examine the effect of CTP, GTP, ITP, and UTP on calcium binding of Ca 2؉ -ATPase molecules of the sarcoplasmic reticulum, the calcium dependence of the Ca 2؉ -activated hydrolysis activities of these NTPs of the enzyme molecules was examined by comparison with that of calcium binding of the molecules in the absence of the NTPs at pH 7.40. In the sarcoplasmic reticulum membrane, CTP, GTP, and ITP did not affect the noncooperative (Hill value (n H ) of ϳ1, apparent calcium affinity (K 0.5 ) of 2-6 M)) and cooperative (n H ϳ 2, K 0.5 ϳ 0.2 M) calcium binding of the molecules, whereas UTP caused the molecules to highly cooperatively (n H ϳ 4) bind calcium ions with a lowered K 0.5 of ϳ0.04 M. When the enzyme molecules were solubilized with detergent, all of these NTPs reversibly degraded the calcium affinity of the molecule (from K 0.5 ‫؍‬ 3-5 to >40 M), although the effect of the NTPs on the negatively cooperative manner (n H ϳ 0.5) of calcium binding was not experimentally obtained. Taking into account the first part of this study (Nakamura, J., Tajima The Ca 2ϩ -ATPase of the sarcoplasmic reticulum (SR) 1 belongs to the cation-transporting P-type ATPase family that is phosphorylated by ATP (1, 2), and Ca 2ϩ -ATPase catalyzes transport of 2 mol of calcium ion across the SR membrane, which is coupled with hydrolysis of 1 mol of ATP by the ATPase (3-5). This ATP hydrolysis reaction coincides with the transition of the enzyme state of the ATPase from E 1 (high affinity state for the calcium ion) to E 2 (low affinity state for the calcium ion). E 1 binds two calcium ions, and calcium-bound E 1 (E 1 P) is phosphorylated with ATP. Phosphorylated E 1 is ADPreactive and forms ATP with added ADP. E 1 P converts to its ADP-nonreactive form (E 2 P). After dephosphorylation of E 2 P, E 2 changes back to E 1 . This hydrolysis cycle has been shown to be accelerated by ATP binding to a putative regulatory site(s) (3, 5-7) at concentrations higher than those required for saturation of the catalytic site (8 -13). Ca 2ϩ -ATPase has been found to also utilize NTPs other than ATP (CTP, GTP, ITP, and UTP) (9, 14 -17). Of these NTPs, GTP and ITP have also been observed to have such a regulatory effect on NTP hydrolysis (9, 15, 16), whereas UTP has not been shown to have such an effect (17). However, CTP, GTP, ITP, and UTP have been shown to be able to support calcium transport (14).
The Ca 2ϩ -ATPase of the sarcoplasmic reticulum (SR) 1 belongs to the cation-transporting P-type ATPase family that is phosphorylated by ATP (1, 2) , and Ca 2ϩ -ATPase catalyzes transport of 2 mol of calcium ion across the SR membrane, which is coupled with hydrolysis of 1 mol of ATP by the ATPase (3) (4) (5) . This ATP hydrolysis reaction coincides with the transition of the enzyme state of the ATPase from E 1 (high affinity state for the calcium ion) to E 2 (low affinity state for the calcium ion). E 1 binds two calcium ions, and calcium-bound E 1 (E 1 P) is phosphorylated with ATP. Phosphorylated E 1 is ADPreactive and forms ATP with added ADP. E 1 P converts to its ADP-nonreactive form (E 2 P). After dephosphorylation of E 2 P, E 2 changes back to E 1 . This hydrolysis cycle has been shown to be accelerated by ATP binding to a putative regulatory site(s) (3, (5) (6) (7) at concentrations higher than those required for saturation of the catalytic site (8 -13) . Ca 2ϩ -ATPase has been found to also utilize NTPs other than ATP (CTP, GTP, ITP, and UTP) (9, 14 -17) . Of these NTPs, GTP and ITP have also been observed to have such a regulatory effect on NTP hydrolysis (9, 15, 16) , whereas UTP has not been shown to have such an effect (17) . However, CTP, GTP, ITP, and UTP have been shown to be able to support calcium transport (14) .
In the calcium transport reaction, calcium binding to the two calcium transport sites of the enzyme is a crucial step for driving the reaction, and such binding is required for phosphorylation of the enzyme with ATP (3-5), as mentioned above. In the first part of this study on substrate regulation of calcium binding (32) , the regulatory effect of ATP on calcium binding was examined, and ATP binding to the regulatory site of the enzyme was found to raise the calcium binding performance of the enzyme molecules depending on the ATP concentration, pH, and aggregation state of the molecules. Here, we examined the regulatory effects of CTP, GTP, ITP, and UTP on calcium binding of the enzyme molecules by comparing the calcium dependence of the Ca 2ϩ -activated hydrolysis activity (Ca 2ϩ -NTPase activity) of the NTPs of the enzyme with that of calcium binding in the absence of these NTPs. The results are discussed based on a model of two conformational variants (A and B forms) of chemically equivalent ATPase molecules (18) , as was done in the first part of this study (32) ; the two forms exist in the SR membrane at a ratio of 1:1 and bind two calcium ions in a different manner (see Fig. 1 in the accompanying article (32) ). This model was hypothesized on the basis of the following observations (18) . (i) There are two types of enzyme molecules that are in pH-dependent equilibrium between E 1 and E 2 and predominantly in E 2 independent of pH, respectively, before calcium binding. (ii) The amino acid sequence of lysyl endopeptidase peptides of the enzyme preparation is homogeneous. The model has been strengthened by observations showing the existence of two types of molecules that differ in the sensitivity of their intrinsic fluorescence intensity to calcium ions (19) and also in their sensitivity to submillimolar ATP (the first part of this study (32) ) and by observations of cancellation of the nonequivalence of the molecules by solubilization of the molecules with detergent (20) . We report that NTPs other than ATP markedly reduce the calcium affinity of the solubilized molecules, although the molecules in the SR membrane are not sensitive to the NTPs.
EXPERIMENTAL PROCEDURES
Materials-The procedures for isolation of the SR from rabbit skeletal muscle were as described previously (21) . Membranous Ca 2ϩ -ATPase was purified from the SR by washing the SR with sodium deoxycholate employing a modification (22) of the method of Meissner et al. (23) at a 1:5 ratio of deoxycholate to reticulum protein. As described in the first part of this study (32) , the density of the catalytic sites in the preparation was estimated to be ϳ8.5 nmol/mg of preparation protein.
The maximum level of the preparation that was phosphorylated with ATP was 4.2-5.6 (average of 4.4; n ϭ 17)) nmol/mg of protein obtained in 0.25 mg of protein/ml of preparation (5 mM MgCl 2 , 0.12 M KCl, 0.1 mM ATP, and 0.1 mM CaCl 2 at pH 7.4 and 0°C). In the preparation that was solubilized with the nonionic detergent C 12 E 8 , the maximum level was 4.4 -4.6 (average of 4.5; n ϭ 4)) nmol/mg of protein obtained in 0.05 mg of protein/ml of preparation (0.12 M KCl, 5 mM MgCl 2 , 0.46 mM ATP, 10 mM CaCl 2 , and 2.0 mg/ml C 12 E 8 at pH 7.40 and 0°C).
Enzymatic Activity Assays-The total activity of NTP hydrolysis, which is composed of calcium-independent and -dependent activities of NTP hydrolysis, was assayed in 40 mM Tris maleate buffer solution (pH 7.40) containing 0.05 mg/ml membranous enzyme protein, 0.12 M KCl, 5 mM MgCl 2 , 5 mM NTP, and 0.01-664 M Ca 2ϩ at 25°C. The membranous enzyme was treated with 2 M calcium ionophore A23187 before use. In the assay of the NTPase activity of the detergent-solubilized enzyme, the membranous enzyme (0.05 mg/ml enzyme protein) was directly solubilized in the assay medium containing 2.0 mg/ml C 12 (25) . The calcium-independent activity of NTP hydrolysis was determined under identical conditions, except that 5 mM EGTA was added without the addition of calcium. The calcium-dependent activity of NTP hydrolysis (Ca 2ϩ -NTPase activity) was obtained by subtracting the calcium-independent activity from the total activity. NTP hydrolysis was measured by determining the amount of phosphate liberated from NTP using the method of Bonting et al. (26) .
RESULTS AND DISCUSSION
Similar to the first part of this study (32) , in which the ATP effect on calcium binding of the Ca 2ϩ -ATPase molecules was examined, here, we studied the effect of CTP, GTP, ITP, and UTP on calcium binding of the enzyme molecules by comparing the calcium dependence of the hydrolysis activity (Ca 2ϩ -NTPase activity) of the NTPs of the enzyme with that of calcium binding in the absence of these NTPs. The results are discussed based on a model of two conformational variants (A and B forms) of chemically equivalent Ca 2ϩ -ATPase molecules (18) . Two forms have been suggested to exist in the SR membrane at a ratio of 1:1 and to independently bind two calcium ions in the absence of a substrate for the enzyme (19) . Fig. 1A shows the calcium dependence of the total Ca 2ϩ -GTPase activity, which is composed of the activities of the A and B forms, at 5 mM GTP, pH 7.40, and 25°C. The Hill plots of the total calcium dependence were biphasic (Fig. 1B) . The two lines of the plots (slopes of ϳ1.9 and 0.8 -1.0, respectively) intersect near the zero point of the ordinate, suggesting the existence of two different types of Ca 2ϩ -GTPase reaction with almost the same level of maximum activity. The calcium concentration for the half-maximum activity (K 0.5 ) of the total activity was ϳ0.2 M. Such calcium-dependent profiles with almost the same maximum activities (1.4 -1.6 mol of P i /mg of protein/min) as that of the GTPase activity (1.52 mol of P i /mg of protein/min) were also observed when CTP and ITP were used as substrates (data not shown). In a previous study (19) , we showed that in the absence of NTP at this alkaline pH, the membranous A form noncooperatively (n H ϳ 1) bound calcium ions with an apparent calcium affinity (calcium concentration for half-maximum binding (K 0.5 )) of ϳ2 M, whereas the B form cooperatively (n H ϳ 2) bound calcium with K 0.5 ϳ 0.2 M ( Fig.  2A ; replots of the data in Fig. 3A of Ref. 19 ). The Hill plots of the total binding, which is composed of the binding of the two forms at a ratio of 1:1, were biphasic with slopes of ϳ1.8 and ϳ0.8 ( Fig. 2B ; replots of the data in Fig. 3C of Ref. 19 ). The two lines of the Hill plots also intersect near the zero point of the ordinate. The K 0.5 of the total binding was ϳ0.4 M. The calciumdependent profile of the total binding was very close to that of the total GTPase activity (Fig. 1 ). This suggests that GTP, CTP, and ITP have no effect on calcium binding of the two forms.
When UTP was used as the substrate, the calcium dependence of the total Ca 2ϩ -UTPase activity of the membranous A
FIG. 2. Replots of previous data (19) on calcium binding of the membranous ATPase molecules as a function of calcium concentration in the absence of NTPs at pH 7.40 and 0°C.
A, calcium binding to the two forms of ATPase molecules. E, total binding to the A and B forms; OE, rapid binding to the A form, which is in an E 1 /E 2 state dependent on pH and which pre-exists in E 1 at this alkaline pH; ‚, slow binding to the B form, which pre-exists in E 2 independent of pH (see Fig. 2 in the first part of this study (32) ). B, Hill plots of the total (E), rapid (OE), and slow (‚) binding. Y is the ratio of calcium binding at each calcium concentration to the maximum levels of binding (10.3, 4.8, and 5.5 nmol/mg of protein for the total, rapid, and slow binding, respectively).
FIG. 1. Ca
2؉ -GTPase activity of the membranous ATPase molecules as a function of calcium concentration at 5 mM GTP and pH 7.40. A, calcium dependence of the total Ca 2ϩ -GTPase activity, which consists of the activities of the two forms of ATPase molecules; B, Hill plots of the total activity. Y is the ratio of the activity at each calcium concentration to the maximum level of the activity (1.52 mol of P i /mg of protein/min).
and B forms at 5 mM UTP (Fig. 3A) was completely different from that of the total GTPase activities of the two forms shown in Fig. 1 . The Hill plots of the total UTPase activity were monophasic with n H ϭ 4.0 -4.5 and K 0.5 ϳ 0.04 M (Fig. 3B) . Taking into account that 1 mol of the ATPase molecule binds 2 mol of calcium (3) (4) (5) 27) , the observation of an n H value of ϳ4 suggests that the two forms cooperatively bind four calcium ions. It was earlier found that UTP phosphorylates all of the membranous enzyme molecules at a level of 8.5 nmol of phosphorylated enzyme/mg of protein (17), whereas ATP phosphorylates half of the molecules (3-4 nmol of phosphorylated enzyme/mg of protein) (17, 28) . The density of the ATPase molecules in the ATPase preparation used here was estimated to be ϳ8.5 nmol/mg of preparation protein, and the maximum level of the preparation that was phosphorylated with ATP was 4.2-5.6 nmol/mg of protein (see "Experimental Procedures" in the first part of this study (32) for details). Although the maximum phosphorylation level of the preparation with UTP was not examined, if almost all of the enzyme molecules are phosphorylated with UTP, there should be very few molecules that are in E 2 and to which UTP binding induces the regulation of calcium binding, as discussed in the preceding study (32) . It is therefore likely that UTP binds to the molecules before phosphorylation so that the UTP binding induces such a regulatory effect on the calcium binding performance in addition to the full phosphorylation of the enzyme molecules. The K 0.5 of the total UTPase activity (ϳ0.04 M) is about one-tenth of the value (ϳ0.4 M) of total calcium binding of the A and B forms in the absence of NTP ( Fig. 2 ; replots of the data in Fig. 3A of Ref. 19) and is close to the value (ϳ0.05 M) of the total ATPase activity at a high ATP concentration of 5 mM, which is shown in Fig. 10 in the preceding study (32) . UTP seems to increase the calcium affinity of the forms, as is the case with ATP. At pH 6.23, the total Ca 2ϩ -UTPase activity gradually increased from 0 to 0.240 mol of P i /mg of protein/min when the calcium concentration was increased from 0.09 M to 0.36 mM, and it decreased at Ͼ0.36 mM Ca 2ϩ (Fig. 4A) ; the K 0.5 was ϳ2 M. At Ͼ0.1 mM Ca 2ϩ , a significant amount of insoluble UTP-calcium complex seems to be formed in the presence of 5 mM UTP; it is impossible to adjust the calcium concentration to Ͼ0.1 mM. Moreover, the formation of the insoluble UTP-calcium complex is thought to decrease the UTP concentration available for its hydrolytic reaction. However, the observed calcium-dependent profile at the acidic pH was completely different from that at an alkaline pH of 7.40 (Fig. 3A) , suggesting the existence of a difference in UTP effect on the interaction of the two forms at acidic and alkaline pH values. To obtain an image of the UTP effect at the acidic pH, the calcium dependence of the total Ca 2ϩ -UTPase activity was subjected to Hill analysis. The Hill plots were biphasic (Fig. 4B) . The slopes of the two lines of the plots were ϳ1.0 and ϳ0.4, respectively. In the absence of NTP at the acidic pH, as shown in a previous study (19) , the membranous A form noncooperatively (n H ϳ 1) bound calcium with K 0.5 ϳ 7 M, whereas the B form cooperatively (n H ϳ 2) bound calcium with K 0.5 ϭ 2-6 M (Fig. 5, A and B; replots of the data in Fig. 1 (A  and C) of Ref. 19 ). The total binding profile, which is composed of the binding of the two forms at a ratio of 1:1, was monophasic with n H ϳ 1.3 and K 0.5 ϳ 8 M. Based on the results of the biphasic profile of the UTPase activity at the acidic pH, it is therefore likely that UTP degrades the calcium binding manner of the A and B forms from noncooperative to negatively cooperative and from positively cooperative to noncooperative, respectively. UTP therefore seems to regulate calcium binding of the two forms in opposite directions at acidic and alkaline pH values. Fig. 6 shows the calcium dependence of the Ca 2ϩ -GTPase, CTPase, ITPase, and UTPase activities of detergent-solubilized molecules at pH 7.40. At 0.1 M Ca 2ϩ , where these NTPase activities of the membranous molecules were ϳ30% of their maximum levels (cf. Figs. 1 and 3) , no Ca 2ϩ -NTPase activities of the solubilized molecules were observed. At 9.9 M Ca 2ϩ , where these activities of the membranous molecules were at their maximum levels, the NTPase activities of the solubilized molecules were Ͻ5% (Ͻ60 nmol of P i /mg of protein/min) of the respective maximum activities of the membranous molecules (1.4 -1.6 mol of P i /mg of protein/min). As described above, the formation of the insoluble NTP-calcium complex seems to make it impossible to adjust the concentration to Ͼ0.1 mM calcium at an alkaline pH of 7.40. Nevertheless, when the calcium concentration was increased from 9.9 M to 0.311 mM, these NTPase activities of the solubilized molecules were gradually increased to 0.18 -0.55 mol of P i /mg of protein/min, although they did not reach their maximum levels; the activities at 0.311 mM Ca 2ϩ were at only a 20 -50% level of the respective maximum NTPase activities of the membranous molecules. If the NTPase activities observed at 0.311 mM Ca 2ϩ are assumed to be maximum levels, the K 0.5 values of the NTPase activities can be estimated to be ϳ40 -100 M. The n H values of the calcium dependence of the activities could not be estimated because of the incompletion of the calcium-dependent profiles of their activities (Fig. 6) . The solubilized molecules have been shown to bind calcium negatively cooperatively (n H ϭ 0.5-0.6) with K 0.5 ϭ 3-5 M in the absence of NTPs at pH 7.40 (20) . Compared with the K 0.5 (3-5 M) of the solubilized molecules in the absence of the NTPs, the K 0.5 (Ͼ40 -100 M) in the presence of the NTPs seems to be Ͼ10 times higher.
It was examined whether the observed low NTPase activity at a calcium concentration of Ͻ0.311 mM results from the denaturation of the molecules by these NTPs during their hydrolysis (Fig. 7A) , although such denaturation is prevented by a high level of calcium of more than 0.311 mM. Such a possibility was examined at 9.9 M Ca 2ϩ , where the NTPase activities (0.004 -0.057 mol of P i /mg of protein/min) were Ͻ20% of those at 0.311 mM Ca 2ϩ . The CTPase reaction of the solubilized molecules was first carried out for 10 min at 2.5 mM CTP. After the CTPase reaction, 2.5 mM ATP was added to the reaction medium. The rate of P i production increased from 0.063 to 0.957 mol of P i /mg of protein/min after the addition of ATP. The increased P i production is thought to be brought about by the total NTPase reaction, which is composed of the reactions of the ATPase and the CTPase in the presence of ATP and CTP. The addition of 2.5 mM CTP 10 min after the initiation of the CTPase reaction did not significantly affect the prior 
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CTPase reaction. These results suggest that the ATPase reaction is predominant in the total NTPase reaction after the addition of ATP. Also, when the reactions of GTPase, ITPase, and UTPase were carried out beforehand, such an increased P i production was observed after the addition of ATP (data not shown). The total NTPase activity in the presence of ATP and CTP was ϳ80% of that without the prior CTPase reaction (1.235 mol of P i /mg of protein/min); the total NTPase activity of the solubilized molecules that were preincubated for 10 min without the CTPase reaction was ϳ60% of the activity that was initiated without the preincubation (1.940 mol of P i /mg of protein/min). These results indicate that although ϳ40% of the solubilized molecules lose their activity during the preincubation without the CTPase reaction, most of the remaining molecules are active even after the CTP reaction, and they take turns in hydrolyzing ATP and CTP. This suggests that the NTPs reversibly lower the calcium affinity of the solubilized molecules, resulting in the reduction of the NTPase activity at a pre-saturation concentration of calcium.
In contrast to the NTPase activities of the solubilized molecules, the ATPase activity of the molecules at 5 mM ATP and pH 7.40 (see Fig. 5 in Ref. 20) exhibited almost the same calciumdependent profile (n H ϳ 2.2, K 0.5 ϳ 0.1 M) and the same maximum activity (6.0 mol of P i /mg of protein/min) as those of the membranous molecules (n H ϳ 2, K 0.5 ϭ 0.04 -0.08 M, and maximum activity ϭ 3.95-5.2 mol of P i /mg of protein/min) (see Fig. 10 in the first part of this study (32) ). In a previous study (20) , it was found that the calcium dependence of acetyl phosphate hydrolysis of the solubilized molecules is the same as that of calcium binding in the absence of substrate and that AMP-PNP, a non-hydrolyzable ATP analog, does not affect calcium binding of the solubilized molecules (n H ϭ 0.5-0.6, K 0.5 ϭ 3-5 M). These data suggest that the structure of the base in NTP is crucial for calcium binding of the solubilized molecules and that the adenine ring is essential for the molecules. In other words, ATP seems to be the only intrinsic substrate for the enzyme molecule. Such an exclusive property of the molecule might be related to the fact that P-type ATPases, which contain Ca 2ϩ -ATPase, lack the P-loop, which is a common motif in the other types of ATPase and GTPase (29) . Fig. 8 schematically represents the effects of CTP, GTP, ITP, UTP, and ATP at a concentration of 5 mM on calcium binding of the membranous and solubilized Ca 2ϩ -ATPase molecules at pH 7.40 that were observed in this work as well as in the first part of this study (32) . The observations show that (i) ATP positively transforms the membranous and solubilized enzyme molecules, resulting in an increase in the calcium affinity of these molecules and/or in an increase (n H ϳ 2) in cooperativity in binding calcium ions; (ii) UTP more positively transforms the membranous molecules, resulting in a large increase (n H ϳ 4) in the cooperativity of the molecules in binding calcium ions; (iii) CTP, GTP, and ITP do not transform the membranous molecules; (iv) the NTPs other than ATP negatively transform the solubilized molecules, resulting in a decrease in the calcium affinity of the molecules; and (v) intermolecular interaction of the molecules in the SR membrane makes the molecules resistant to negative transformation by the NTPs other than ATP.
The regulatory effect of ATP on calcium binding of the enzyme molecules was discussed in the first part of the study based on a model of the putative regulatory site of the enzyme molecule (3, (5) (6) (7) , which is distinct from the catalytic site and to which ATP binding accelerates the catalytic reaction of the molecules. It was previously found that the catalytic reaction of the membranous molecules is accelerated by GTP and ITP (9, 15, 16) , but not by UTP (17) , suggesting that the membranous enzyme molecules have a regulatory site for GTP and ITP, but not for UTP. On the other hand, it was observed here that the calcium binding performance (affinity for calcium and cooperativity in binding calcium) of the membranous molecules was increased by UTP (Fig. 3) , but not by GTP (Fig. 1) and CTP and ITP (data not shown), and that all of these NTPs degraded the calcium affinity of the solubilized molecules (Fig. 6) . It is therefore difficult to discuss the effect of the NTPs on calcium binding based simply on a model of the putative regulatory site. However, the earlier and present data on substrate regulation raise the following questions. (i) Can these NTPs drive the ATPase molecules to pump down the calcium level outside the SR vesicles to the same extent? Based on the calcium affinities of the enzyme molecules in the presence of the NTPs, ATP and UTP might be substantially more efficient in lowing the calcium concentration than CTP, ITP, and GTP. On the other hand, UTP does not accelerate the overall catalytic reaction and may not be able to rapidly establish a calcium gradient across the SR membrane or to maintain it as well as ATP, GTP, and ITP, which can accelerate the reaction. (ii) Are the intermolecular interactions of the enzyme molecules related to the calcium transport activity of the molecules? UTP promotes these interactions stronger than ATP, as evidenced by higher cooperativity in calcium binding with UTP than with ATP. This difference between ATP and UTP may be related to the difference in phosphorylation levels that are attained with ATP and UTP; ATP is able to phosphorylate only half of the catalytic sites of the enzyme molecules (17, 27) , consistent with an alternating-site model (30, 31) of the catalytic cycle of the molecules, whereas UTP phosphorylates all of the catalytic sites (17) . An alternating-site type of behavior of the molecules might be kinetically more active in establishing a calcium gradient than the full-site type of behavior coupled with UTP hydrolysis. (iii) How is NTP regulation of calcium binding related to the ability of the enzyme molecules to oligomerize in FIG. 7 . Ca 2؉ -ATPase activity of the detergent-solubilized ATPase molecules after CTP hydrolysis. Ten minutes after the initiation of the reaction by the addition of 2.5 mM CTP (E), 2.5 mM ATP (OE) or 2.5 mM CTP (q) was also added to the reaction medium. In the reaction without the prior CTP hydrolysis, 2.5 mM ATP and CTP (‚) were simultaneously added to the medium with and without preincubation of the ATPase molecules for 10 min. These NTPase reactions were initiated 2 min after the solubilization of the membranous enzyme molecules with 2.0 mg/ml C 12 E 8 . In the CTPase reaction in the absence of C 12 E 8 at 2.5 mM CTP (Ⅺ), 2 M A23187 was added to the reaction medium instead of the detergent. Other experimental conditions were as follows: 0.05 mg/ml enzyme protein, 40 mM Tris maleate (pH 7.40), 0.12 M KCl, 5 mM MgCl 2 , 50 M CaCl 2 , and 40 M EGTA. The enzyme was incubated in 9.9 M Ca 2ϩ at 25°C. 
the presence of the NTP employed? The absence of regulatory effects of CTP, ITP, and GTP would imply that intermolecular interactions of the molecules do not occur in calcium transport energized by these substrates. The regulatory effect of UTP is lost by solubilization of the molecules with C 12 E 8 , suggesting that intermolecular interactions are important for expression of the regulation. In contrast, the regulatory effect of ATP persists even after the solubilization, although intermolecular interactions might occur under these conditions, albeit with less strength, as described in the first part of the study (32) . These questions provide new points of view for understanding the mechanism of calcium transport.
